AND IONIC MOVEMENT THROUGH THE MUCOSA
O S M O T I C B E H A V I O R O F T H E M U C O S A
This independence of ionic and water movement has been proposed while considering the mucosa as a single barrier. As a study of the relationship between ionic and water movements, considering the mucosa as a double barrier, the osmotic response of the mucosa to hypertonicity was analyzed as simultaneously applied to both surfaces.
CI-SO~.
Cl" 16 , , In the initial and final 1.5-hr periods mucosae were maintained between two isotonic chloride solutions. In the second period isotonic sulfate solutions were used. Fig. 2 shows the osmotic response of the mucosa when both solutions were made hypertonic by addition of glucose to the isotonic chloride solutions. The curves represent the water content of the tissue as a function of the osmolality of the solutions in contact with both surfaces of the mucosa. It is well known that hypertonicity of the solution induced by adding a nonpenetrating molecule (~ = I) produces a permanent shrinkage of the tissue. Hypertonicity induced by a molecule that can penetrate the cellular compartment ( 1 > ~ > 0) produces a temporary shrinkage. The original volume is recovered by the tissue when the test molecule equilibrates between the solutions and the cellular compartment. The time required to reach the new equilibrium condition depends on the permeability of the membrane to the test molecule (7) . As the value of the reflexion coefficient (g) approaches zero, the time required to reach equilibrium is shorter. In the case of a penetrating molecule the final water content of the tissue must be the same as the original one, that is, the value measured before addition of the test molecule. CONCENTRATI ON (milliosmol/kg WATER) FiOUl~ 2. Osmotic response of the mucosae to hypertonicity. Water content of the mucosae is presented as a function of the osmolality of both external solutions. Each value is the mean + standard error of 10 experiments, a corresponds to 30 experiments carried out at 22°C and b to a similar group of experiments carried out at 0°C.
If the test molecule used is accumulated by the tissue, osmotic swelling could occur in hypertonic solutions. Alternatively, the tissue could swell if the test molecule induces accumulation of some other ions or molecules in the cellular compartment.
Glucose was the molecule used to induce hypertonicity in our experiments. Therefore, we explored the possibility that glucose could induce changes in the potassium and sodium concentrations of the mucosae. These changes could be due to an increase in activity of the mechanisms responsible for maintaining the ionic composition of the cells, since glucose was used as substrate for the ionic transport mechanism in the isotonic solutions (8, 9) .
Potassium concentrations were measured in mucosae maintained for 1 hr in isotonic chloride solution and in mucosae maintained in solutions to which the same concentrations of glucose used in the osmotic experiments were added. Fig. 3 shows the results of these measurements. Increasing the glucose concentration seemed to have a biphasic effect. One which occurred by addition of 20 mM glucose and another which appeared when glucose concentration was further increased.
In the hypertonic solution with 20 mM glucose, potassium increased and sodium decreased when experiments were performed at 22°C, as shown by the dotted line in Figs. 3 a and 4 a. This could be explained by the existence of a mechanism responsible for the influx of potassium and the efflux of sodium (10), which uses glucose as substrate, as described in other tissues. This mechanism is more efficient when the initial concentration of 17.5 m~ glucose in the isotonic chloride solutions was increased to 37.5 in the hypertonic solution. Davenport and Chavr6 (11) have reported an increase in the acid secretion rate with the increase of glucose concentration to an optimum of 30 rnM in stimulated mouse stomach. This mechanism must be also sensitive to the temperature changes since it is inhibited by the reduction of the temperature to 0°C. At the lower temperature, there is a net potassium efflux and a net sodium influx down their electrochemical gradients as shown by the dotted line in Figs. 3 b and 4 b.
Changes in the water content of the tissue must be associated with these changes in ionic concentration. Increase of 29 mEq potassium per kilogram dry weight induces an increase of 1.28 g water per gram dry weight in the presence of a reduction of 48 mEq sodium per kilogram dry weight. On the other hand, an increase of 110 mEq sodium per kilogram dry weight produces an increase of only 0.36 g water per gram dry weight when the simultaneous reduction of the potassium concentration was 11 mEq per kilogram dry weight. From this it is possible to propose that water follows the changes in the potassium concentration to a larger extent than in the sodium concentration.
From the solid line fitted to the values obtained in hypertonic solutions, it is possible to propose that the glucose dependent mechanism responsible for the potassiumsodium equilibrium is saturated after attaining this concentration, and the linear efflux of sodium and potassium is due to the osmotic efflux of water.
Glucose was added independently to each of the solutions bathing the mucosa for determination of the surface through which glucose acts on the mechanism responsible for the ionic and water equilibrium. Fig. 5 shows the water content of the mucosa as a function of the osmolality of the nutrient solution, the secretory solution being isotonic. Addition of 20 mM glucose produces swelling of the mucosa, as in the case of glucose added to both solutions. Further increase of glucose concentration has no effect on the water content. Fig. 6 shows the effect of the hypertonicity in the secretory solution on the water content of the mucosa, when the nutrient solution was isotonic. There is a decrease of the water content produced by addition of 20 mM glucose after which a steady value, not affected by further increase in the glucose concentration, was reached. This could be interpreted as showing that glucose, added to the secretory solutions, in contact with the mucosal surface, does not reach the mechanism responsible for the net potassium influx and sodium efflux.
Water influx from the isotonic solution must be equal to the efltux into the hypertonic solution. Therefore, no further shrinkage of the mucosa is observed when only one of the surfaces of the mucosae is exposed to solutions made hypertonic with glucose concentrations greater than 20 rnM. C O N C L U S I O N S F r o m the results reported here it seems possible to propose the following: (a) that net water flux from the serosal to the mucosal surface m a y not follow passively the ionic accumulation in the secretory solution; (b) that the water content of tire mucosa is related to its ionic content, being more dependent on variations of potassium than on variations of sodium content; (c) that there exists in the mucosa a mechanism that maintains the concentrations of sodium and potassium and indirectly the water content, capable of using the glucose as substrate; (d) that this mechanism is affected by changes in temperature; (e) that glucose can be used by this mechanism only when it is added to the nutrient solution in contact with the serosal surface of the mucosa.
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